This paper presents a new adaptive synchronization problem for the delayed reaction-diffusion neural networks (RDNNs) with unknown time-varying coupling strengths under stochastic perturbations. By constructing a differential-difference-type learning law and an adaptive learning control law, and using Lyapunov-Krasovskii-like composite energy functional method, a novel sufficient condition is derived to ensure adaptive asymptotical synchronization in the mean square sense for the addressed system. Finally, a numerical example is given to verify the effectiveness of the proposed method.
Introduction
In recent decades, different types of neural networks (NNs) with time delays have been widely investigated due to their applicability in solving some image processing, signal processing automatic control engineering, fault diagnosis, telecommunications, and pattern recognition problems. The realistic applications heavily depend on the dynamical behaviors [-] . Thus, the analysis of the dynamical behaviors such as stability, periodic oscillation, bifurcation and chaos is a necessary step for practical design of NNs. For instance, in [] , by utilizing the Lyapunov-Krasovkii functional and combining with the linear matrix inequalities (LMIs) approach, the authors analyzed the global exponential stability of neutral-type impulsive NNs. By constructing a newly augmented Lyapunov-Krasovskii functional, [] established less conservative stability criteria in the form of LMIs.
Control and synchronization of chaotic systems have become an important topic since the pioneering work of Pecora and Carroll in  [] . There exist many benefits of having synchronization or chaos synchronization in some engineering applications, such as secure communication, chaos generators design, chemical reactions, biological systems, information science, etc. Some papers on synchronization of chaotic systems with time delays have been published [-] . Since NNs can exhibit some complicated dynamics and even chaotic behavior, the synchronization of chaotic NNs has also become an important area of study. Recently, the synchronization for delayed NNs also has been reported [-] . http://www.advancesindifferenceequations.com/content/2013/1/253
When modeling real nervous systems, stochastic disturbances are probably the main resources of the performance degradations of the implemented NNs. Moreover, in real time dynamical systems, the time delays are unavoidably encountered in the implementation of NNs, and may cause undesirable dynamic network behaviors such as instability. Hence, it is of great importance to take into account the synchronization problem of stochastic delayed chaotic NNs. To date, many researchers have studied the synchronization for delayed NNs with environmental noise [-]. In the practical operation, diffusion effects cannot be avoided in the NNs and electric circuits when electrons are moving in a nonuniform electromagnetic fields. Therefore, it is essential to consider the state variables, which vary in time as well as in space [-]. In [] , by using inequality techniques and the Lyapunov functional method, the synchronization scheme is investigated for a class of delayed RDNNs. In [] , an approach combining Lyapunov stability theory with stochastic analysis and periodically intermittent control was taken to investigate synchronization problem. In [] , the authors considered the global exponential stability and synchronization of the delayed RDNNs with Dirichlet boundary conditions under the impulsive control in terms of p-norm.
As far as we know, there are two main approaches to study the complex network synchronization: one is based on the characteristics of the identical node and the coupling matrix, by Lyapunov functional theory, the stable criteria in terms of LMIs were established [, ]. However, if the nonlinear characteristics of the uncoupled nodes and the coupling matrix are unknown, the methods given above will fail in the synchronization of complex networks. The other is to adjust the time-varying coupling strengths to complete the synchronization, such as [-]. For example, [] presented a new robust adaptive synchronization approach for the global synchronization of complex dynamical networks without time delay. In [], the synchronization of complex topologies using couplings of time-varying strength was numerically reported and made a comparison between fixed and varying coupling strength.
[] studied the synchronization for delayed complex networks by adjusting time-varying coupling strengths. The update laws of the coupling strengths were derived to realize the synchronization based on Lassalle-Yoshizawa theorem. Recently, a new adaptive control mechanism was proposed for nonlinear system with unknown time-varying periodic parameters, the stability of the resulting closed-loop system was proven by composite energy function in [] . The method was extended to the synchronization of two chaotic systems with unknown time-varying periodic parameters in [] and the synchronization of complex dynamic networks with unknown timevarying periodic coupling strength in [-], respectively.
As mentioned above, in this paper, we consider a challenging problem, i.e., how to incorporate adaptive control techniques for time-delay systems into learning control to solve the synchronization of stochastic RDNNs with unknown time-varying parameters and unknown time-varying delays. It is still an open problem how to control a system with unknown time-varying parameters and unknown time-varying delays. Recently, on the synchronization of chaotic systems with time-varying parameters, which are expressed by ordinary differential equations, there have been a few research results [-]. Very recently, based on the LaSalle invariant principle of functional differential equations, a sufficient condition for the adaptive synchronization of considered system with unknown time-varying parameters was obtained in [] . To the best of our knowledge, adaptive synchronization is seldom considered for the stochastic delayed RDNNs with unknown time-http://www.advancesindifferenceequations.com/content/2013/1/253 varying periodic coupling strengths. The main design difficulty is how to deal with the unknown time-varying parameters and unknown time-varying delays. Fortunately, this paper shows that this difficulty can be successfully overcome by constructing a LyapunovKrasovskii-like composite energy function. By applying the Weiner process and inequality techniques, an adaptive controller and an updating law are designed to ensure the states of considered system to reach the desired synchronization manifold.
Notations: Throughout the paper, L  ( ) is the space of scalar value Lebesgue measurable functions on and is a Banach space for the L  -norm
Then for any u = (u  , . . . , u n ) T , the norm is defined as
n is continuous and with the uniform norm
where E{·} stands for the mathematical expectation operator with respect to the given probability measure P.
Problem statement and preliminaries
Consider the following delayed RDNNs with unknown time-varying coupling strengths:
. . , m} is a compact set with smooth
T denotes the state vector, associated with the n neurons at time t and in space x; a i >  represents the rate, with which the ith unit will reset its potential to the resting state in isolation when disconnected from the networks and external inputs; w ij denotes the strength of the jth unit on the ith unit at time t and in space x; h ij are the synaptic connection strength of the jth unit on ith unit at time t and in space x; g j (u j (t, x)) denotes the activation function of the jth unit at time t and in space x; τ j (t) denotes the time-varying delay and satisfies  ≤ τ j (t) ≤ τ j ,  ≤τ j (t) ≤ μ < , τ = max ≤j≤n {τ j }, where τ j and μ are constants; Remark  Recently, complex dynamical networks with time-varying or constant coupling strengths have attracted much attention from researchers in different areas, such as physical science, engineering, mathematics, biology, and so on [-]. There are many interesting collective phenomena in complex dynamical networks that can be described by coupled differential equation equations, such as self-organization, synchronization, spatiotemporal chaos and so on. Particularly, the synchronization phenomena have actively been investigated due to past physics and potential engineering application, secure communication, and so on [-, -]. Although some methods have been developed in the field of complex networks, only a few of them are concerning time-varying coupling strengths. To the best of our knowledge, up to now, little work is reported on the synchronization of stochastic RDNNs with unknown time-varying delays and unknown time-varying coupling strengths. In this paper, using adaptive learning method on periodic coupling strengths, the synchronization of stochastic delayed RDNNs will be considered.
In order to obtain our main results, we assume the following conditions hold.
(A) In system (), unknown time-varying coupling strengths ς i (t, x), ξ i (t, x) and ζ i (t, x) satisfy the following equations: 
Remark  Since
We consider model () as the drive system. The response system is
T is a n dimensional state vector of RDNNs;
T is a control input to be designed; σ = (σ ij ) n×n is the noise intensity http://www.advancesindifferenceequations.com/content/2013/1/253 matrix and the stochastic disturbance w(t) = (w  (t), . . . , w n (t)) T ∈ R n is a Brownian motion defined on ( , F, P) and E{dw(t)} = , E{dw
Remark  This type of stochastic perturbation can be regarded as a result from the occurrence of the internal error when the simulation circuits are constructed such as inaccurate design of the coupling strengths and some other important parameters [].
Subtracting Eq. () from Eq. (),we have the following error system:
Then we design controllers by
To prove our results, the following assumptions are necessarily in this paper. (A) There exist positive constants ρ ij such that
To ensure negative feedback, the time-varying periodic adaptive gains and timeinvariance update law are designed as follows: where
and η i (t, x) are increasing and continuous functions.ς * *
in which θ ji ,  ≤ θ ji ≤ , j = , ,  are positive constants.
Remark  The adaptation law is a difference-type pointwise integration over the period [t -ω, t], which takes the place of the differential-type adaptation law. Due to ς
* i (t, x) = ς * i (t -ω, x), ξ * i (t, x) = ξ * i (t -ω, x), ζ * i (t, x) = ζ * i (t -ω, x), for any time instant iω ≤ t ≤ (i +)ω, i ∈ N * = {, , . . .}, we have ς * i (t, x) = ς * i (t -ω, x) = · · · = ς * i (t -iω, x), ξ * i (t, x) = ξ * i (t -ω, x) = · · · = ξ * i (t -iω, x), ζ * i (t, x) = ζ * i (t -ω, x) = · · · = ζ * i (t -iω, x).
This means that ς
can be treated as a 'constant' when it is sampled at any interval, which is the integer multiple of the period ω. The periodic updating law () in the interval of one period ω is a difference-type integrator for such a 'constant. '
Next, we introduce the definition of asymptotic synchronization in the mean square sense for the two coupled RDNNs () and (), and then present some preliminary lemmas, which are needed to prove our main results.
Definition  The two coupled RDNNs () and () are said to achieve asymptotic synchronization in the mean square sense, if there is a control v i (t, x), i = , , . . . , n, such that for any given initial,
. , m), and let h(x) be a real-valued function belonging to C  ( ), which vanish on the boundary ∂ of , i.e., h(x)|
Remark  Lemma  is a well-known result and is widely utilized in the study of partial differential equation. It plays an important role in the synchronization of stochastic delayed RDNNs with unknown time-varying coupling strengths. According to Lemma , the result in our future research is dependent on reaction-diffusion terms.
Lemma  []
Let a, b ∈ R n and X be an n × n positive definite matrix, then
, and LV ≤ -α  ( x ), then the equilibrium x =  is stochastically asymptotically stable. Especially, if α  , α  and α  , are class K ∞ , then, the equilibrium x =  is globally stochastically asymptotically stable.
Main results
By combining the feedback control and adaptive control, and the properties of the Weiner process, we obtain the following Theorem .
Theorem  Under assumptions
where
, then the adaptive control mechanism ()-() warrants two coupled system () and () are adaptive asymptotic synchronization in the mean square sense.
Proof Define the Lyapunov-Krasovskii-like composite energy functional as
Computing LV (t, e(t)) along the trajectory of error system (), one can obtain that
According to Green's formula, Lemma  and the Dirichlet boundary condition, we get
By (), (), (), (), () and (A), one can derive
 http://www.advancesindifferenceequations.com/content/2013/1/253 
ds.
According to Lemma  and Definition , it is easy to see that system () is globally stochastically asymptotically stable. This implies that the two coupled delayed RDNNs () and () are adaptive asymptotic synchronization in the mean square sense. This completes the proof.
An illustrative example
We present a simple example here in order to illustrate the usefulness of our main results. Our aim is to examine the adaptive synchronization of a given delayed RDNNs with unknown time-varying coupling strengths.
Example  Consider the drive-response systems () and () with = {x||x l | < , l = },
, g j (y) = tanh(y) and τ j (t) = 
Conclusions
In this paper, a novel adaptive learning control method is used in stochastic delayed RDNNs with unknown time-varying periodic connected strengths. By constructing Lyapunov-Krasovskii-like composite energy functional, the adaptive learning laws of parameters and the adaptive control strategy are designed to guarantee the adaptive asymptotic synchronization of considered system in the mean square sense. Finally, a simple example and simulations have been utilized to verify our theoretical result is feasible and effective.
